The PhyloChip is a low-cost Affymetrix GeneChip microarray, developed at Lawrence Berkeley 1 National Laboratory (LBNL), designed to detect and quantify abundance of bacterial and 2 archaeal taxa using signature probes targeting all known 16S rRNA gene sequences. The second 3 generation of the PhyloChip targets nearly 9,000 operational taxonomic units (OTUs) with an 4 average of 24 probes each 25 bp long, and the upcoming third generation PhyloChip will target 5 an even larger number of OTUs. Multiple, complex environments have been successfully 6 analyzed using the PhyloChip, including among others, air (2), soil (1), the human lung (6) and 7 gut (9). PhyloChip microarrays are manufactured by Affymetrix, but to date analysis has only 8 been available from within LBNL-limiting the accessibility of the technology. PhyloTrac 9 addresses this limitation by providing a standardized analysis package for the PhyloChip, 10 including microarray normalization, OTU quantification, multiple interactive visualizations, and 11 integrated analytics. 12 13 OTU Identification and Quantification. PhyloTrac is entirely self-contained, requiring as input 14 only the Affymetrix CEL files containing the raw PhyloChip probe intensities. All other required 15 microarray design and taxonomy information is bundled into the application. From the CEL 16 files, PhyloTrac performs normalization and scoring of the data using methods previously 17 described by DeSantis et al. (4) . This method has been successfully applied and validated by 16S 18 rDNA clone-library sequencing in prior studies utilizing the PhyloChip (1, 2, 6). as the trimmed mean intensity of its PM probes. The hybridization score has been shown to have 6 a strong linear correlation (r=0.917) with the abundance of DNA target present in the sample (5). 7
After processing, PhyloTrac stores the results in an exchangeable binary format for further 8 analysis within the application. Alternatively, OTU PF values and hybridization scores may be 9 exported to a tab delimited file, such as for further analysis within R/Bioconductor (7), or in a 10 format compatible with UniFrac (8) for additional statistical analyses of microbial communities 11 structure. 16S rRNA gene sequencing data can be co-displayed in all views to confirm or 12 supplement the hybridization data. The primary PhyloTrac window displays a taxonomic tree of the OTUs detected by the 3 PhyloChip, with mean intensities for each detected OTU displayed as a heatmap of samples at 4 the leaves of the tree. The user may dynamically filter the tree to hide low abundance or 5 borderline OTUs below user specified intensity or PF thresholds, search and filter by keyword or 6 clade, or summarize the analysis at any level of the tree from phylum to species. In Figure 1a , the 7 tree has been filtered to display the abundance of 19 select pathogenic or near-neighbor OTUs in 8
San Antonio throughout the 17 weeks. In accord with (2), the regular presence of phylogenetic 9 near-neighbors to Bacillus anthracis, Burkholderia pseudomallei, and Clostridium botulinum is 10 evident. In a second synchronized window, these OTUs are displayed in a time series plot, 11 displaying their change in abundance over time, highlighted in yellow, in relation to all other 12 OTUs, colored blue, and showing a spike in abundance in week 24 and a depression in weeks 13 19-21 (Figure 1b) . In a third heatmap window, users can hierarchically cluster both OTUs and 14 samples using any of the standard distance and linkage methods from the integrated C Clustering 15 PhyloTrac is implemented in C++ using the cross-platform Qt development framework 10 (http://www.qtsoftware.com), and runs natively on Mac, Linux, and Windows operating systems. 11
Installing the R statistical package (http://www.r-project.org) unlocks multidimensional scaling 12 functionality and an integrated R console for additional analysis. PhyloTrac binaries and user 13 manual are available at the PhyloTrac homepage (http://www.phylotrac.org). 14 15 
